Abstract. Under some assumptions, information on interstellar extinction may be obtained from modern large photometric survey data. Virtual Observatory facilities allow users to make a fast and correct cross-identification of objects from various surveys. This process yields multicolor photometry data for registered objects and makes it possible to estimate color excesses and, with a few exceptions for some areas with high total-to-selective extinction ratio, calculate interstellar extinction. A 3D extinction map then can be constructed for almost the whole sky. The method is applied to an area with the low Galactic latitude, and the results are discussed in the present paper.
INTRODUCTION
The study of the spatial distribution of interstellar extinction, A V , is important for many investigations of Galactic and extragalactic objects. Three-dimensional (3D) extinction models have been produced using spectral and photometric stellar data (Sharov 1963 , Arenou et al. 1992 , open cluster data (Pandey & Mahra 1987) , star counts (Mendez & van Altena 1998) , the Galactic dust distribution model (Chen et al. 1999 , Drimmel et al. 2003 .
The standard approach to construct a 3D extinction model has been to parcel out the sky in angular cells, each defined by boundaries in Galactic coordinates ( , b) . Then from the stars in each cell, the visual extinction A V ( , b) can be obtained as a function of distance A V ( , b, r) . The angular size of the cells has varied from study to study, although each cell was generally chosen to be large enough to contain a statistically significant number of calibration stars at different distances.
Published 3D models, using spectral and photometric data, are based on 10 4 -10 5 stars. Modern large surveys contain photometric (3 to 5 passbands) data for 10 7 -10 9 stars. But to make these data useful for a 3D extinction model construction one needs to run a correct cross-identification of objects between surveys. Another problem is a lack of spectral data in photometric surveys.
Over the past two years the concept of the Virtual Observatory (VO) has emerged rapidly to address the data management, analysis, distribution and interoperability challenges. The VO is a system in which the vast astronomical archives and databases around the world, together with analysis tools and computational services, are linked together into an integrated facility.
A number of the VO projects are already using science prototypes, or demonstration projects to show the user community the benefits of the federated archives, catalogs and computational services. Some of the demonstrations provide astronomers with powerful catalog cross-correlation services. The identification of objects requires the federation of multiple surveys obtained at different wavelengths and with different observational techniques. Such crossmatching of catalogs is currently laborious and time-consuming. But using VO data access and cross-correlation technologies a search for counterparts in a subset of different catalogs can be carried out in a few minutes. Particularly, information on interstellar extinction may be obtained from modern large photometric surveys data.
The goal of our paper is to design a procedure for construction of 3D interstellar extinction model, based on data from large surveys. In Section 2 the procedure is described, and in Section 3 we apply the procedure to a test area and discuss the results.
DESCRIPTION OF PROCEDURE
In the present section we describe a procedure for construction of a 3D model of the Galactic interstellar extinction. The important assumption that we use in the process is the following: the interstellar extinction law is uniform.
For the interstellar extinction law we use the data, published by Rieke & Lebofsky (1985) , see Table 1 . Hereafter we use λ-sign to designate a particular photometric passband from the observational survey.
Assuming that for a given object we have B magnitude and a number of other magnitudes (λ = R, I, J, ...), for every available λ Table 1 . The Rieke & Lebofsky (1985) extinction law. 
Here we use the lower index λ in the designation of E(B − V ) λ to indicate that this particular color excess E(B − V ) is derived from a passband with the given λ.
Assuming that the star satisfies the accepted interstellar extinction law, we can expect E(B − V ) λ values, calculated for all available λ, be identical or at least similar. So, our immediate goal is to find a spectral type that yields the most appropriate set of (B − λ) 0 values to produce the values of E(B − V ) λ as close as possible.
To find a "most suitable" spectral type we repeat calculations for all spectral types according to Eqs. (1) and then calculate the mean
We assign to the object the spectral type that yields a minimum value of
When the spectral type is determined and absolute magnitude M B = M B (Sp) is obtained from a calibration table, then the extinction A V = 3.1E(B − V ) and A B = 1.324A V can be calculated, as well as the distance log r = 0.2(B − M B + 5 − A B ), and a A V (r) function can be constructed for a given area.
3D EXTINCTION MAP FOR A TEST AREA
To test the described procedure we have selected a small area on the sky, satisfying the following conditions: (1) the area should have low Galactic latitude: it gives us an opportunity to compare our results not only with "all-sky" maps (Sharov 1963 , Arenou et al. 1992 ), but also with maps designed for the Galactic plane (FitzGerald 1968 , Neckel & Klare 1980 ; (2) no dense molecular cloud should be located in the area, i.e., the interstellar extinction law should be uniform; (3) the area should be located in the southern sky (to cover the area with the DENIS survey, see below); and (4) the area should be small enough to exclude variations of the A V (r) dependence in the area. A two-arc-minute test area with = 323, b = +6 (in Lupus constellation) was chosen.
For further analysis the following multicolor surveys were chosen (passband designations are given in brackets): DENIS (I, J, K ),
2MASS (J, H, Ks), USNO-A2 (SERC-J, ESO-R, AAO-R, SERC-I).
Calibration tables of intrinsic color indices and absolute magnitudes have been published by Straižys (1977) for the multicolor Johnson's UBVRIJHKLMNQ system. The passbands of the surveys not always coincide with this standard system. The mean wavelengths of the passbands of the listed surveys are given in Table 2 together with the corresponding wavelengths of passbands of the standard system. Our intention was to choose the survey passbands as close as possible to the standard system for which the intrinsic color indices are available (Straižys 1977) . That is why R AAO−R , I DENIS , J 2MASS and K 2MASS were excluded from consideration. The procedure described in the previous section was applied to the remaining passbands (J SERC as the closest to B, R ESO , I SERC , J and K from DENIS and H from 2MASS).
Our calculation shows that the B-I colors give systematically smaller values of E(B − V ), while the B-R colors give larger values of E(B − V ). The reason, probably, is too large difference between the mean wavelengths of the passbands (R and I) in the USNO-A2 system and in the standard system (see Table 2 ). Consequently, R and I photometry was also excluded from consideration.
Another problem arises from the fact that the Straižys (1977) tables provide (B − H) 0 only for the following spectral types: A2 V- K5 V, M0 III-M5 III and K5 I-M4 I. So, if our procedure revealed another spectral type (based, in that case, on only two colors, B-J and B-K), the star was excluded.
The described selection decreases the number of stars used for the extinction determination. Our two-arc-minute test area contains 134 objects cross-identified in all three surveys (2MASS, DE-NIS, USNO-A2). For 36 of them all required photometry is available: B USNO−A2 , J DENIS , H 2MASS and K DENIS . Only for 7 objects the (B − H) 0 -covered spectral types are revealed. But this value should be compared with 0.0007 objects (per two-arc-minute circle) used, in average, in the previous models.
Our results are presented in Figure 1 (stars) in comparison with a number of previously published 3D models (see Kilpio & Malkov 1997 for the description of the program for calculation of interstellar extinction according to the published models). One can observe a reasonable agreement of our results with Arenou et al.'s (1992) model.
We estimate uncertainty of our results according to the following considerations. We accept observational photometry errors to be at a level of about 0.01 mag for the USNO and 0.001 mag for the IR surveys. Calibration uncertainties of tables (depending on spectral type) are 0.05-0.1 mag for intrinsic color indices and 0.2-0.5 mag for absolute magnitudes. The interstellar extinction law coefficient (k λ ) uncertainty is accepted to be about 0.03, and our calculations show that differences between the calculated E(B −V ) λ do not exceed 0.05 mag for the J, H and K passbands.
So, we expect the following uncertainties of the final parameters. The uncertainty of A V is about 0.1 depending primarily on the uncertainties of (B − λ) 0 . The relative error of the distance is about 25%, depending primarily on the uncertainties of absolute magnitudes.
The proposed method has a number of advantages. One does not need spectral types and trigonometric parallaxes for the program stars. One uses 10 4 -10 6 times more stars than in the "traditional" models (it allows to choose angular cells on the sky small enough so that individual interstellar clouds can be resolved). An "on-line" model can be constructed to calculate A V ( , b, r) based on available data for a user-defined area on the sky. When available, other multiwavelength surveys like DPOSS (three passbands), SDSS (five passbands) can be incorporated using the VO techniques.
On the other hand, the method has a number of restrictions and requirements. First, regions of very high density of interstellar matter should be excepted (or regional variations in the uniform interstellar extinction law should be taken into account). Intrinsic color indices should be available for all survey wavelengths (e.g., our estimates show that substitution of K DENIS to K 2MASS in the described example would increase the number of objects at least by a factor of 10). Also, variable stars, unresolved binary stars, extragalactic objects and other objects that cannot serve as objects for the extinction determination should be somehow removed from the sample.
